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the  origin  of  brecciated  limestone  of  the 
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I.  Introduction 

The  limestone  of  the  Middle  and  Upper  Triassic  Period 
in  the  Chi a- ling  River  system  in  southeastern  Szechuan  is 
commonly  mixed  with  a  thick  layer  of  brecciated  limestone  * 

The  study  of  the  origin  of  brecciated  limestone  has  a  great 
significance  in  the  formulation  of  ancient  and  historical 
geography,  petroleum  resources,  hot  springs  and  the  hydro- 
geological  conditions  of  mineral  mountains  and  water  faeilitie 

In  the  past  only  a  few  articles  have  been  published 
concerning  the  origin  of  brecciated  limestone  in  the  Cilia— 
ling  river  system  in  southeastern  Szechuan.  We  consider  these 
brecciated  limestones  to  he  typical  products  of  gypsum. 

II.  Distribution  and  characteristics  of  brecciated  limestone. 

1.  Limestone  mixed  with  brecciated  limestone  in  the 
Chia-ling  river  system  is  distributed  in  southeast  Szechuan, 
i.e.,  it"  appears  in  are  form  at  the  inclined  axial  part  of 
East  Szechuan  and  at  the  south  edge  of  Szechuan  basin.  The 
distribution  area  extends  from  Shih-chu,  Chung-hsien  and  the 
Feng-tu  districts  in  the  east  to  T'ung-chieh-tzu  in  the  west, 
and  from  the  Ch'u-hsien,  Ta-hsien  and  Liang- sh an  districts  in 
the  north  to  the  basin's  edge  at  the  intersection  of  the  Sze¬ 
chuan  and  Kweichow  boundary  in  the  south  (references  2-6,  9, 
11,  12}  .  The  area  is  about  4.50  km  wide  and  350  km  long  (Fig. 

2.  Limestone  of  the  Chia-ling  River  system  generally 
has  a  600-700  m  thickness,  which  can  be  divided  into  five 
layers  according  to  their  characteristics.  The  5th  layer  is 
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Fig.  1 

Distribution  map  of  breoeiated  limestone  of  the 
Chi a- ling  River  system  in  the  middle  and  upper 
Tri asslc ' Period  in  southeastern  Szechuan . 

1*  The  edge  of  the  Szechuan  basin. 

2,  Inclined  and  hollowed  structure  in  the  basin. 

3,  Area  where  limestone  appears  in  breeciated 
limestone  of  the  Chi a -ling  River  system. 

4 ,  Hot  s p v i ng  a . 

5  *  Gyp  stun  mineral  production  district  in  the  Chin- 
ling  River  system. 

6.  Column- shaped  section  map  of  the  ground  layer 
(Fig.  2} » 

Locations :  1.  T  *  ao^tzu—  tang*  u «-  Snih.— yrxkou. 

5 •  South  hot  spring.  4.  Kuan-yin-hoia .  5*  Li-pi- 

hsia.  6.  Huang- kua-  shan .  7*  Kua-teng-shan.  8. 

Wu-wei. 

covered  by  a  coal  system  of  the  Jurassic  Period  forming  a 
false  combination.  The  5th  layer  sometimes  is  reduced  to  a 
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( reference  13/ 


The  bx  emulated  limesT,or»e  is  mixed  between  the  mxdale 
pav+  or  fine  Middle  Trias  sic  Period  end  the  bottom  part,  ot 
the  Upper  Triassic  Period.  That  which  is  found  m  ube  latter 

ie  e sue cl ally  well  developed# 

3.  Szechuan  basin  is  a  more  stable  portion  or  Yang- 
i 7v-ti-t 1 ai ;  limestone  of  the  middle  and  upper  Triassic 
Period  in  the  Chin-ling  River,  which  belongs  to  a  continental 
platform  type  of  shallow  phase,  has  bio-* chemical  sediments 
and  Varies**  slightly  in  an  east-west  direction.  Its  charac¬ 
ter  is+ics  can  be  compared  over  an  extensive  area.  Based,  on 
the  extensive  deep  well  drilling  survey  lor  petroleum  in  the 
Szechuan  basin,  Lo  Ghih-li  pointed  out  firstly  that  the  breccia 
o-c  the  ground  surface  is  equivalent  to  the  hard  gypsum 
layer  at  the  bottom  of  the  well  (reference  12). 

We  compiled  a  column- shaped  comparing  figure  for  rocic 
levers  in  the*  district.  From  the  figure  the  relative  con¬ 
ditions  of  the  breed ated  limestone  and  hard  gypsum  --ay ere 
can  be  clearly  seen,  based  on  the  ground  survey  and  daoa 
of  well  bottoms  from  various  petroleum  drilling  dietricus 


(Fig.  2)  . 

(From  the  left) 

1.  Wu-wei 

2 .  Eua-teng- ah an 

3.  Huang-kua-shan 

4.  Li-pi-hsia 

5.  Kuan-yin-hsia 

6.  S.  hot  spring 
7  *  Shih-yu-kou 
8.  T* ao-tzu-tang 


Fig.  2.  Column- shaped  comparing  map  of  the  ground 
surface  and  well  bottoms  of  the  Chi  a -ling  River- 
limestone  layer.  _ 

1.  Thick  layer  limestone  2.  Thin  layer  _i.im.os ...one 
Clayey  limestone  4.  Dolomite  limestone  and  dolomite 


5 ,  Hard 


gypsum  i.s.y 


ited  limestone. 
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4,  It  '7&s  discovered  that  the  bottoms  of  the  deep 
wells  In.  Shih-yu-kcu  suwey  district  are. hard  gypsum  (water- 
less  gypsum)  biuo-^rey  in  color  (Photo  1)  and,  as  shown  by 
macroscopic  examination,  radial  fabric  In  structure  and 
£n,rv>  tq  tiger  (Photo  2)  •  The  hero,  gypsum  layer  has  great 
elasticity  and 'little  cleavage.  Therefore,  from  the  view¬ 
point  of  reserve  structure  of  oil,  gas  slid  water,  it  is  a 
relatively  mixed  layer • 

5  /  The  hr ec elated  limestone  of  the  second  layer  or 
n-o  Chia-1 lug  River  system  is  commonly  80-120  m  thick  and 
is "frequently  mixed  with  thin  layers  of  schist,  shale,  or 

limestone.  _  ,  Jt  ,  .  , ,  . 

The  breccia  does  not  clearly  show  oh©  layer j  xt  * s 

composed  of  shale  or  limestone  similar  to  nearly  stones.  Xt 
has  prismatic  angles  of  different  sites  (Photo  3),  usually _ 
S-20*  om,  its  longest  dimension  reaching  1*5  m.  The  colloid 
between  the  breccia  is  composed  of  conrsely  broken  stones 

and  clay  (Photo  4)  .  .  . 

Part  of  the  breccia  contains  a  thin  layer  of  caicxum 
shale  *  it  has  a  gentle-folding  where  the  shale  breaks . 

6«  From  microscopic  ©xsmina tion  no  miasral  gypsum 
was  discovered  in  the  ground  breed  axed  lime  s  uone »  eaiy  one 
gyesum  layer,  1  m  thick  of  coarse  crystal  white-grey  in 
color,  was  discovered  in  the  breed. at od  limestone  lap  meters 
deep  at  drilling  hole  if33  in.  the  south,  conk  of  ^ao-onx-.y o 
( Photo  5) «  It  was  determined  through  &  microscope  tost  to is 
gypsum  was  ordinary/  gypsum  (gvpsum  corves iftlng  water)  v.-iuh 

integral  crystalloid  (Photo  6; *  .  ,  .  .  ,  . 

On  the  ground  at  the  edges  oj.  the  breed  at  ed  rime  stone 

distribution  area,  gypsum  usually  appears  forming  a  gypsum 
mineral  bed  (Fig.  lT .  For  instance,  gypsum  was  produced  on 
the  top  of  the  Chia-ling  River* 5  a  limestone  at  Ta-vrei-hsien, 
about  30  km  west  of  western  T*ung-chieh-tau  (reference  12); 
nyoaum  was  produced  also  in  the  north  part  of  fn  u-hsien, 
m  p«ir-.qh«n  «nd  Ta-hsien  districts  (references  4  and  8;  »  The 
PpMffi  of  'the  Chia-ilnu  River  system,  eorisistlng  of  two 
"’avers*  i;-‘  m^xed  between  brecciated  limestone  payers  * 
layer"  lies  near  its  top,*  the  other,  in  the  middle.  Both 
are  water  containing  gypstim  (reference  71  • 

HI .  gome  assumptions  on  the  origin  of  brecciated  limestone. 

1.  when  Mr.  A.  Heim  did  a  geological  survey  near 
Chung- ch’lng  in  1913,  he  discovered  the  brecciated  limestone. 
-.  r  pt'por  he  assumed  that  the  brecciated  limestone  might 
exist  naturally;  it  Is  probably  a  breccia  formed  by  the 
movement  or  sliding  of  sediments  on  an _ inclined  sxope  near 
the  sea  bottom,  becoming  a  colloid  (reference  1) • 

g  raring  the  geologic  hi  survey  made  by  fan  yhung- 
hsiang  (3382  6988  4382)  and  P*sng  Kuo-ch’ing  (1756  0948  198?) 
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in  1939  at  Ch'i-chiang  district  of  south  Szechuan,  breceiated 
limestone  was  similarly  discovered*  in  their  paper  they 
considered  these  breceiated  limestone  possibly  to  be  a  kind 
of  intermittent  product  of  sediments  (reference  2) . 

3 .  In  recent  years  extensive  deep  well  drilling  sur¬ 
veys  were  conducted  in  Szechuan  basin  to  find  petroleum 
resources  and  natural  gas-  Many  drillings  data  proved  that  no 
breceiated  limestone  was  distributed  in  the  deep  underground, 
the  relative  layers  of  which  are  thick  layers  of  hard  gypsum, 
schist  and  limestone  (ref.  12  and  13).  This  can  hardly  be 
explained,  by  the  theory  of  sea-bottom  sliding  or  the  theory 
of  intermittent  sediments. 

Following  Lo  Chih-li *  s  relative  comparison  between 
ground  breceiated  limestone  and  the  position  of  the  hard 
gypsum  layer,  he  considered  the  ground  breceiated  limestone 
to  be  a  result  of  hydrolysis,  a  dissolving  and  erystalizing 
action  of  the  sandwiched"  gypsum.  Hard  gypsum  absorbs  water, 
becoming  water-containing  gypsum,  its  volume  increasing  61%  * 
This  breaks  the  layers  above  and  below  to  form  the  breceiated 
limestone,  a  product  of  crystallised  action.  In  his  report 
Lo  Chih-li  brought  to  attention  the  similarity  of  this  bre- 
c elated  limestone  to  Russian  crystal  breccia,  which  resulted 
from  gypsum  crystallizing  in  the  “ R lao- la- erh- a-k ‘ o~ oh ‘ lu¬ 
pin- szu-k'o”  district  (ref.  12) , 

IV.  New  comments  on  the  formation  of  breceiated  limestone. 

Lo  Chih-li  considered  the  brocciated  limestone  to  be 
formed  later,  pointing  out  also  that  this  breccia  wee  related 
to  the  hard  gypsum  layer.  The  assumption  is  evidently  a 
remarkable  improvement  in  the  knowledge  of  breccia  limestone 
formations.  However,  we  consider  the  Crystallizing  Theory 
to  over-stress  the  volume  swelling  action  when  hard  gypsum 
becomes  water  containing  gypsum  end  to  neglect  the  collapsing 
action  after  the  gypsum  has  dissolved.  Actually,  the  Russian 
breccia  is  composed  of  shale,  sandstone  and  clayey  stone 
fragments  several  mm  to  2  cm  in  size.?  its  colloid  consists 
of  clay  and  gypsum  (ref.  14) ;  it  is  different  from  the 
breccia  of  Szechuan  in  both  structure  and  composition. 

Based  on  data,  from  references,  interlaced  gypsum 
commonly  acoears  at  the  top  of  limestone  in  Shansi  Province; 


commonly  appears  at  the  top  of  limestone  in  Shansi  province; 
for  instance,  f’ai-yuan  Hsi-shan  has  several  layers  of  water 
containing  gypsum  with  thicknesses  reaching  1-5  m.  The 
breceiated  limestone  is  sandwiched  between  small,  gypsum 
layers,  its  thickness  usually  being  less  than  1  m  (ref.  10). 
fie  consider  these  breccia,  as  far  as  its  formation  as  a 
crystal  breccia  is  concerned,  co  be  similar  to  those  of  the 
"Niao-la-erh-a-k 8 o-ch ’ iu-pin-ezu-k’ oH  district.  The  diff¬ 
erences  between  the  formation  of  breceiated  limestone  of 
Shansi  and  that  of  Szechuan  might  be  because  the  gypsum  layer 


in  Shansi  Province  is  thinner. 

During  the  formation  of  breccia  ted  limestone  in  Sze¬ 
chuan,  wo  consider  the  existence  of  “f^o-eau-tV*  collapsing. 
This  is  illustrated  by  the  following  facts; 

1»  Through  microscopic  examination  no  mineral  gypsum 
wee  found  in  the' ground  breocisted  limestone,  while  the 
thickness  of  the  hard  gypsum  layer  in  the  well's  bottom  can 
reach  20-50  m.  Gyp sum  is  easily  dissolved?  after  diesolvement, 
the  phenomenon  of  collapse  near  the  ground  surface  can  readily 
be  seen. 

2*  in  Oh'uan-chi  coal  mine  at  ho- ch ' uan-haien  it  was 
frequently  discovered  that  the  broken  coal  layer  had  been 
replaced  by  a  phenomenon  of  irregular  M sand  pier*1  (Fig,  3). 


/sy*  _  s 

K,  It  % 

K,  I 

H6SfcaS»s«W^©S!5t*fc9fef  >c>.r„ 

[h  vi  I-.-. 


I  h- :•? pS^P -  flf 


ggaj  f— t 


Fig*  3 «  Distribution  Map  of  Ta~yan<;~sa~fceng  at  East  of 
Chien-ciu  Coni  .Mine 

1®  Coal  Bed  of  Jurassic  Period  i  *  Sandy  Mills 


2  •  Expl  or  i  te  For  tl  on 


The  sand  pier,  which  is  composed  of  sandstone,  shale  breccia 
and  coal  fragments,  has  a  longest  dimension  of  several  meters 
to  60  rru  The  largest  breccia  exceeds  1  m,  while  the  smallest 
one  is  only  a  few  mm.  They  are  eomplic&tedly  mixed  without 
distinct  layers;  the  sand  pier  generally  passes  up  and  clown 
through  several  coal  layers.  The  small  scale  broken  layer 
frequently  can  be  found  in  nearby  locations  (ref.  1?)® 

The  coal  layer  of  the  Ch'uan-chi  coal  mine  was  taken 
directly  from  the  upper  covering  of  the  Chia-llng  River 
limestone  where  the  layer  is  sloping  gently  with  an  angle  of 
only  20  -25  .  Therefore,  we  consider  the  a  and  pier  to  b©  a 
collapsing  phenomenon * 

3 . "  Eased  on  the  recorded  data  from  Chung-liang- shan 
Ban-p ’ ing-t ‘ ung  of  Chung-ch’ing.  sandstone  and  shale  breccia 
ware" found  in  the  breccia ted  limestone  at  the  top  of  the 
Chi a- ling  River  system.  This  phenomenon  can  be  explained 
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3i.  mne  and  shcle  breccia  are  derived  from  the  covering 
the  Jurassic  Period  and  are  results  of 


only 

coal  systems  of 

\  b  i  £  *»  *>i 


*,K’o->szu-t‘6si  collapsing. 

In  short,  we  considered  the  breccia  limestone  ol  the 
Chi a- ling  River'  system  In  southeastern  Szechuan  to  be  a 
gypsum  product  and  the  swelling  action  of  hard  gypsum  7 
hydrolysis  and  crystallizing  during  ohe  toma^ion  of  \>re%***A 
to  be  of ’  secondary  importance.  The  breccia  was  distributed 
^  •♦•v.e  cr round  layer  and  the  layer  where  it  was  not  very 
deer.  Based,  on  the  drilling  results  at  Mao-erh-hsia,  t.he 
distributed'  depth  was  estimated  to  be  200-400  m  (Fig.  •  )» 


Fig,  4. 


2. 

h* 


Cross-section  Mar  Si  lowing  Vertical  Distribution  of 
brecciated  limestone  of  Chia-ling  River  System  in 
Southeastern  Saechuan 
Hard  Gypsura 
Aquifer  Gypsum 
Brecciated  Limestone 

M.  Cocci  Eroded  Surface  .  .  . A . 

in  (am*****  River  Ber,a)«ua?iS.  «,«Jlok  aciOmitlMd 
limestone  layer  of  the  Stone-Coal  miut  was  exist* 

A  gvosum  layer  was  sandwiched  between  the  dolomite  liinesoona, 
a  tot*5**  thickness  of  200  m«  This  kind  of  gypsum  p-rpor  app** 
thntb'  existed  in  the  vest  of  the  -Ss-aa-la-ho-ch'u"  aietrtot, 
*U*  in  the  east,  it  was  replaced  by  the  brenoiated  ilgMw. 

Brecciated  limestone  has  been  hotly  debated,  o ome 
geologists  believe  that  the  breoeiatel  “futons  resu^ea 
■from  collapsing  sediments  rnd ■  collolSs  L  I iJnaci, 


di  «$«50TVinK*  ‘Ibis  assumption  bm  - - »  ~ 

su^ej  of  the  si Ku-pi-h su-f u“  water  power  station  at  Se-ma, 

i e-ho - °^uco^^;ri4erbreec i ated  limestone  i n  eouthe astern 
Szechuan  of  the  Middle  and  Upper  |rJgssic  Period  to  be  s*mi» 
ler  to  the  brecciated  limestone  of  the  ou-ne- 0o*l  Ie*10* 

« Sa-ma-la-ho-ch * u“ *  Russia,  as  far  as  its  formation  as  con- 

earned, 

V*  The  geological  and  hydrogeological  significance  of  study- 
lug  the  formation  of  brecciated  limestones. 


later  proved  by  a  geological 
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1*  Slnca  we  consider  the  breccia  to  be  a  result  of 
collapsing,  it  can  not  be  a  product  of  eliding  near  the  sea 
bottom,  but  it  can  be  a  product  of  structural  reaction  of 
the  hard. gypsum  layer.  Also,  it  can  not  geographically- 
historically  represent  a  sedimented  intermission* 

2*  Based  on  the  observation  of  the  district  in  parts, 
structurally  the  breccia  that  resulted  from  collapsing  was 
freely  mixed  up  with  the  breccia  of  the  broken  layer  (ref.  3) . 

3 •  On  ground  surface,  the  brecciated  limestones  have  high  void 
ratio  (based  on  test  results  The  void  ration  of  limestone  at  Chia-ling 
River  is  2~i$,  and  of  brecciated  limestone  is  3-1%);  but  as  to  the  reser¬ 
vation  of  petroleum,  the  breccia  evidently  can  not  be  the  oil  reserving 
layer.  Actually,  each  exploration  area  of  petroleum  and  the  equivalent 
hard  gypsum  layer  of  brecciated  limestone  are  ,  on  the  contrary,  the 
dividing  layer  of  oil  and  gas. 

4*  When  the  stone  layer  becomes  gently  sloping,  the 
mineral  layer  on  the  solusble  stone  can  be  broken  apart  due 
to  nK*o~szu~t *el!  collapsing. 

5*  The  brecciated  limestone  is  loosely  stuck  together, 
and  it  dissolves  easily  on  a  ground  surface  with  good  per¬ 
meability  (Photo  7} *  Springs  rarely  appear  at  a  district 
of  ground  breccia  limestone.  At  T ' ien-fu  and  Chung- 11 a ng- 
shan  coal  mines,  the  revealing  water  point  was  distributed 
mostly  near  the  lower  part  in  the  breccia.  Therefore,  we 
can  say  that  the  hard  gypsum  mixed  with  dolomite  and  lime¬ 
stone  in  the  deep  underground  of  the  Chia-ling  River  system 
is  a  relatively  noii-permeable  layer,  while  on  the  ground 
surface  the  breccia  limestone  produced  later  in  an  equivalent 


layer  position  is  a  relatively  permeable  layer • 

6.  There  are  over  10  hot  springs  in  the  vicinity  of 
Chung- ch* ins  (Fig. • 1) .  Their  water  temperature  is  usually 
30-45° C;  their  wafer  quality  is  calcium  of  sulfuric  salts, 
with  mineralisability  of  about  1.8-2 *8  g/1,  making  it  a 
saturated  gypsum  'water.  These  hot  springs  are  not  merely 
distributed  in  the  district  of  brecciated  limestone  at  Chung- 
ch’ing  but  also  where  brecciated  limestone  appears  at  .Sze¬ 
chuan*  Therefore,  we  consider  this  type  of  hot  spring  near 
Chung- ch’ing  to  be  the  deep  products  of  “ K 5 o-szu-t’e” gypsum, 
the  twin  to  brecciated  limestone. 


1 ,  The  big,  water  conservatory  projects  of  the  Yangtze 
River  and  Chia-ling  River  ware  constructed  in  the  valleys 
of  Szechuan  basin.  The  brecciated  limestone  of  the  Chia- 


ling  River  system  is  commonly  distributed  in  valleys  inclined 
in  structure.  This  breccia  is  loosely  combined  and,  there¬ 
fore,  is  not  suitable  for  the  foundation  of  a,  high  dam  (based 
on  experimental  results,  the  limestone  of  the  Chia-ling  River 
system  has  a  compressibility  of  700-1400  kg/cra(H  while  the 
brecciated  limestone  only  about  500-800  kg/cnr*)  • 
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Based  on.  the  c.rillinG  results  st  Mao-er-h-nM  ?.s  Ike 
rock  center*  availability  of  this  breccia  was  only  4u-70^> » 
after  the  breccia  had  seriously  dlaedved  (Photo  8) ,  the 
rock  center  showed  •  a  b&e-hiv©  structure*  even  below  10U  a** 
Based  on  the  water  pressure  experimental  results*  this 
brecolated  limestone  usually  had  Xerge  permeability  *  Its 
unit  absorbability  reached  Q.1-.1.0  i/min;  it  did  not  show 
appreciably  a  decrease  as  the  depth  Increased;  even  100  m 
below  the  river  bed  could  not  be-  considered  to  be  a  relatively 
non- permeable  layer*  Since  this  breo elated  limestone  has  a 
great  permeability,  when  construction  is  made  in  this  breccia 
district  or  in  nearby  districts*  engineering  steps  to  prevent 
leakage  around  the  dam  or  foundations  of  the  drainage  system 
must  bo  taken* 

References:  /Russian  names  have  been  transliterated? 

X*  Heim*  A*  i  Geological  structure  and  petroleum  in  the 

vicinity  of  Chung- ch* ing*  Szechuan*  1931* 

2*  Pfan  Ohung-haiang  (3582  6988~4382)  and  P'eng  Euo-oh’lng 
{ 1736  0948  1987)  ;  Chi-ohlong  river  bed  In  South  Szechuan, 

1939  * 

3*  Li  Ch’ua-yu  (2621  2504  3588)  etc.,:  Geology  of  Hua-hsiuag- 

ehan,  1943  * 

4*  Li  T'ao  (2621  7113)  and  Lo  Cheng-yuan  (0925  2973  6678); 

Geologic ni  mineral  products  at  north  bank 
of  Yangtze  River  between  Pel-ling  Ch’ang- 
shou  Chung-hsien  Liang- ahan*  1-943. 

5*  Ron  Te-feng  (0230  1793  1409) l  Geology  of  Shih-ehu  Chien- 

ehiang  and  its  neighboring  districts,  1 944. 

6.  Hou  Te-feng  ;  Geological  minerals  in  north  Kweichow* 

1945  * 

7«  Hslung  ?£ung- Vision  (3574  3057  0341) ;  Gypsuia  mins  of  the 
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/Hotel  Photographs  Mo.  1-8  were  unclear’  and 
*“not  able  to  be  reproduced 
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X,  practical  value  of  combined  pumping  in  the  present  stage. 

Combined  pumping  is  a  rather  new  subject,  so  its 
reliability  and  practical  value  are  yet  to  be  proved  by  aotua* 
performance •  At  the  present  stage  most  people  do  not  care  . 
adopt  this  new  method,  especially  under  large  and  medium  . 
scale  conditions  (1:50000  v:m  above) .  The  reasons  are:  (1) 
that  the  reliability  is  uncertain  and  (2)  that  during  pracy 
tical  work,  as  analysed  by  Kao  Cklng- xi&ng,  the  total  amount 
of  work  had  not  been  reduced  or  only  &  li .tl®  simplix led 
(oven  increased  the  work  .  .  .  as  Ko  Liang-t* ao : s  method) .  • 

Under  small  scale  (1:200,000  and  under)  survey  it  should 
largely  be  adopted  (10,  20  And  -50  m  manual  striking,  rotary 
drillings  are  now  extensively  used  by  Ho-pei,  Sung- Xiao  teams, etc 

rr^Sf5rtruwT9th  and  llth  issues,  1957  and  to  the  5th 
issue  of  195 B  of  this  publication*  .  ...  _  . . 


Since  this  pumping  test  requires  only  one  combined  pumping 
(generally  omitting  the  upper  water  layer/  and  one  a.yla 
lowering,  the  methods  described  in  the  shove  mentioned  theses 
are  not  applicable  (required  unknown  factors,  sue..,  Ka  - 

The  writer  eonsiderea  practical  conditions  of  uh© 
mentioned  field  teams  to  be  accurate  and  to  be  a  natural 
consequence.  It  should  first  be  carried  out  in  a  shallow 
hole  without  individual  layer  pumping,  and  then,  gradually 
to  a  deep  hole  with  individual  layer  pumping,  this  to  le 
replaced  by  the  combined  pumping,  method. 

XI.  Demerits  of  Kao's  arid  Tseng8  s  methods. 

1*  The  Kao  Ching-llang  Method. 

(a)  This  method  with  great  limitation  applies  oxuy 
two  self -flow  water  layers;  the  upper  undercurrent  layer 
is  usually  widely  distributed  ana  it  frequently  meets  with 

three  self -flow  layers.  .  .  *up 

(b)  This  method  requires  the  combined  l<#yer  anc,  uhe 

upper  water  layer  to  be  pumped  twice  and  also  requires  the 
drilling  for  water  sealing  to  be  stopped.  Though  simpler 
than  Ko^s  method,  Kao's  method  is  still  considered  complicated 

end  would  slow  down  the  progress*  .  ~ 

(c)  Since  no  derive tion  and  proof  of  the  value  of 

average  permeability  Kcphas  been  written  it  is  not  vana 
to  introduce  Kcp*  (l) 


Because  the-  Kce  value  will  be  directly  affected  by  Sa,  S> 
and  3  -i  Si.,  the  more  accurate  equation  should  be: 

c*-  *  '  V  C  (  V.  C. .  ft.f .  f  A  \ 


~°- T  K  _  KaM,S,+Kf)ShM,  (1C,) 

where  KL ,  permeability  and  thickness  of  the  first  water 

hearing  layer,  respectively. 
liA$  m jl  permeability  and  thickness  of  the  second  water 
bearing  layer,  respectively. 

3  ,  3,  stable  water  levels,  a  and  b,  in  the  first  ana 
tv  *  second  water  layers,  related  to  the  combined 
water  level,  a  +  b,  raising  or  lowering, 

2.  Tseng  Te-hsien* e  Method. 

(a)  Though  requiring  only  one  pumping  this  method 
still  reauires  the  drilling  for  water  sealing  to  be  stopped 
after  it  reaches  the  second  water  layer. 

progress  and  its  operational  process  needs  to  be  improved. 

If  drilling  is  done  directly  to  the  second  water  xayer  an a 
if  combined  pumping  is  started,  the  drilling  and  Wjriment 
can  be  done  simultaneously  without  interference.  This  is 
advantageous  to  the  drilling  progress  and  operational  pro¬ 
cedure.^  results  from  previous  tests  do  not  take  into 
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consideration  the  affect  of  the  Rvalue  in  the  lower  water 
layer  on  the  rock  powder. 

Ill*  New  method.  ,  ,  ,  . ,  „ 

After  drilling  through  two  or  three  water  payers,  the 

stable  water  level  of  each  layer  (a,  b  and  c)  must  have  a 
certain  relationship  with  the  combined  water  level  (a+o  and 
a+b+ci :  i.e. *  there  must  be  a  function  oetween  them.  I* 
the V^tar  level,  a,  of  the  first  water  layer  and  the  combined 
w**+er  "'level,  s*b,  of  the  first  and  second  water  layers,  or 
So  'combined  water  level,  a+b+c,  of  the  three  layers,  rep¬ 
resented  the  individual  stable  water  level  o_sna  o  in  the 
second  end  third  layers,  our  experiment  woula  be  greatly 
cii-'pufiru.  Then  it  would  not  be  necessary  to  stop  a*lixing 
for  wEteP sealing  and  to  pump  twice;  moreover,  punping  can 
arbitrarily  be  done  in  the  first  water  as. yer  01  t  iQ  -  ^ 

«nd  second  layer  mixed.  Besides,  it  would  net  limit  tu* 
number  of  layers  or  the  type  of  hydrodynamics  (bearing  or 
free)  *  The  functional  relationship  ox  a,  b,  c,  a+b  Kliu 
a-frb+c  is  computed  by  the  following  method* 


Ui- 


L]Hs  j  p 


yrrfnrrrrrgfif 


*•  ■ 

(1)  under  two  water  bearing  layers  (Fig.  1; * 
After  the  combination  of  the  two  water  bearing  layers : 


then, 


-luTC  Tvt.  S(I 
m2 — Jos’,, 


leK—iwr.. 


{  J-J 


KaU  &u.~KuMl,&h 

,  n-4-b  —  the  relative  flow  rate  and  amount  absorbed  of 
Where.  Q^O  -  and  lower  water  layer  after  the 

combined  water  level  has  been  stabilized. 

R  -  influential  radius  (neglect  deviation  of  K 
value  caused  by  different  Si  . 
ra  radius  of  well  hole. 

q  s»  flow  rate  in  the  hole  when  lowering  depth 

If  the  water  level  drops  to  3j*  while  combined  pumping 
5«  carried  on,  the  equation  then  becomes : 

Q.V  • 

lnE~lcr0  5^  (  -V 

*2Ke,  (M0+Mh) 


5/(3) 
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where  t 


ink — inr0 


But  b  layer  stops  absorbing  water  at  that  time,  so  the  submerged  water 
amount  is  completely  supplied  by  pine  a  to  get 

Q„«aKttMa(Sa +§»)  =o‘KJMaSJ  +<*  .M,  S/(4) 

From  (2)  we  know:  a,  s*.  <  k,  ^ 

(4a) 


■from  \<£)  rve  Know:  at,='»KilM1,Sf(+'«KaMfls<,=a  s> 

Combining  (3),  (4)  and  (4a) s 

Qb~«K  p(Mll+MJj)S!b=;,!KaMa(SK!+Sj,)=  <Sb 

K  „  =:  - ^ ® K.-M-rt-X-tMf, 

(M*+%)S&  "  ■  - 

We  know  from  the  method  of  least  square 

jj'  V.(*A  ,  S^r  -f- 

From  the  concept  of  Equation  (2),  it  can  be  written  as: 


K  .  _  K„M.,Sfl  +  KlM,S.1  _  aKaUaSa 
'  MA  tMj.Sj,  M0»;4  Mj.S.s 

From  (5)  and.  (lb)  we  get: 

K  -~ggM*(S«+S|,)  _  ;,KaMaS.t 
..  cP  _  MaSa+.MbSft 

2S4  Sj,  (  Ma  +  M&  )  =  (  Sa  -j-  Sj,  >  (  ...  S Mj,Sfc  ) 
Developing  (6)  into  a  quadric  equation: 

eV  +  ^b  +  lSa*^ 

. 

HA  _ 

?  Sgf-Mb 

i=(s+sae— 2) 


(lb) 


(6) 
(6  a) 


In  this  equation,  only  ,3-5  is  unknown^  therefore,  we  solve 

sb  =  _“i *  VI*—#*'  (6b) 

V?e  use  only  the  positive  value  because  Sj,  is  considered 
to  be  a  positive  value.  '0 

From  the  above  equations,  we  can  compute  the  unknown 
S*  by  the  known  values  Ma,  Ej,  and  stt.  { equation  6b)  .  Then, 
perform  the  combined  pumping  only  once  (if  necessary,  or 
pumping  once  in  each  layer)  ;  the  value  K^or  Kc0  can  be 
obtained  from  equation  6.  Finally,  equation  2  is  used  to 
solve  K/> 

(2)  Under  three  water  bearing  layers  (Fig.  2) : 

The  simplest  method  is  to  find  Sa.,  Sj.,  Ka,  and  Kg- by 
the  method  given  above.  Consider  the  first  and  second  layers 
aa  a  combination  of  the  first  and  third  end  compute  Dc,  Kc  etc. 
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(3)  it  the  first  l<vy*r.  is  undercurrent t 

ken 'the  upper  portion  is  undercurrent,  the  Jbo/e 

nebhod  can  Bbii^  h*,  .  f  ,rt 

■nip  concept  should  bo  uuaoi  nutw .  '*‘"3..,!  *  -ev  » 

Inters**  hole  of  the  undercurrent  is  U*S*  -»/  • 

. “  Q-  *KAW-*~ .3,1)1* 

,<■  . iti,.: 
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. . ’Tii.it . Trtz 
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U®-4ttf0 
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a  known  value  because  Sa,  anu  s^cJc  niwat 

Under  stable  water  levels  ><s  ,  _  w  c 
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all.  indraft  water, 
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to  get  1 
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This  says  that  tbs  above  method  can  be  perfectly 
applied  when  to*'  is  higher- .  than  a* 
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Fig*  4 

Shea  water  level  to  Is  lower  than  a  (Fig,  -  4),  assuming 
the  combined  pumping  Ss§/9  the  thickness  of  undercurrent  %&, 
will  be-  equal  to  (Hcr%S^)  l  since  unknown,  MJL  is  un«4 

known*  Under  such  conditions  the  above  method  can  be  the, 0*4 
retlc&lly  applied#  but  it  is  rather  complicated*  The  best  | 
way, to  do  this  is  to  let  8 » 3C#,  during  the  pouring  test.  The 
purpose  lor  pouring  the  water  is  to  make  water 'level  b  higher 
than  water  ‘level  a  so  that  the  combined  pumping  method  can  j 
be  applied  as  above.  If  the  water  pouring  test  is  not  app¬ 
licable#  the  pumping  test'  can  still  be  done*..  Then  the  value 
•S £  should  toe  calculated  toy  the -following  equations i 

V  &;,)  _  28 :aM/S„ 

,,  cP~  SQ'+Mf. . "  SaC+WtS#  -\  •  ; 

\  i 

5t4«:  ,\  j  •  ' 

.  /.i  \  '  \ 

I 

M4"«CHu~l(Sd+Sb)3  j  •  ’ 

tS^-f-VS# — £“~0  !  •  I 

<,»*>  1  :  ! 

i  .  ■ 


7*  j  j  j  | 

t=S4HC2Ha  -!-  *Ub-  -S .  Hd  +  1  J  i 

—  A* 

This  method  further  simplifies  the  combined  pumping j 
method ;  it  simply  operates  toy  pumping  without  the  water  j 
sealing  process  to  observe  the  water  level  of  the  next  layer 
and  without  pumping  twice  each  layer  and  each  combined  layeir 
Its  accuracy  ie  no  less  then  that  of  “A-oliia-pl-yeh-f u“  ’  s»  j 
This  method  not  only  saves  national  expenditures,  tout  also  !  • 
promotes  the  drilling-  efficiency*  •  . ----'■ - - - : 

10s  507  ' 
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PRINCIPLES  OP  FORECASTING-  RESERVOIR 


WALL  COLLAPSE  AND  oCj<*i2»  R&f  juvoivCE  DA  in. 


/following  is  the  translation,  of  an  article 
by  sun  Kuang-chung  (1327  1684  l«i3).  in  Shul; 
wen. Ti-chlh  Kum-ch*  eng,,  Ti^chLh ,  H o 

pp.  £4L2o7_/ 
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When  a  reservoir  io  built  on  a  river  course  where  its 
'•ank  is  composed  of  loose  sediments,  bank,  siloing  f* equeno...y 

a  remit  of  water  flowine  fro®  «*•  rlvar  to  the  res- 
avoirs  where  the  water  surface  is  wide  ana  the  wave  action  ^ 

[p  srreatlv  increased.  It  is  necessary  to  predict  the  possible 
ieveiopment  of  bank  sliding  in  the  reservoir  design  in.  wajr 
to  make  an  economical  evaluation,  to  plan  sva^laol,  of  the 
Land  above  the  reservoir  wall,  to  c'onsioer  the  necessary  method 

to  prevent  sliding#  etc.  . 

In  predicting  the  collapse  of  tne  reservoir  wall, I *  is 

nxb  enough  to  work  out  the  possible  development  o*  only  the 
Mnal‘  sliding  of  the  bank;  it  is  important  to  predict _  -he 
toe slble  development  of  bank  sliding  s or  water  re  served  in 

lifferent  years.  ,  ,  .  , 

The  methods  of  predicting  the  possible  development  of 

--Pf*^o<r  wall  "coilepee  in  different  years  has  been  do  scribed 

-  -  *  -  M Problem  in  Predicting  the  Method 

is  q,  Downs tream  District*'  .  The 
j  points  to  supplement  the  methods 
el  ba  v»/>notnmand«  r>OSS  ref«» 
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>n  is  the  principal  external  force  that  develops 
’■esorvoir  wall  collapse,  especially  informing  the  flat, 
fat***  level  is  the  basic  condition  for  wave  action.  Atmos¬ 
pheric  wind  action  is  the  principal  external  force  that  1'orms 
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a  stable  bank  appearance  after  the  reservoir  wall  collapse 
The  appearance  of  a  stable  bank,  the  extent 
and  the  speed'  of  the  collapse  are  'determined  by  the  above 
factors  of  external  force  after  the  reservoir  wail  collapse*. 
They  are  algo  determined  by  the  structure  of  the  reservoir  •; 
wall  C  topographical  character! sties  of  the • bank) ,  geological 
structure  and  conditions  for  protection  against  collapse. 

In  order  to  find  the  possible  developing  extent  of  the. 
reservoir  wall  collapse • in  different  years,  it  is  necessary-  to 
under  stand  the'  variations  of  the  bank  .appearance  during  col¬ 
lapse,  the  relationship  between  the  collapsed  material  and 
the  sedimented  material,  and  the  revealing  order  of  its  col¬ 
lapsing  speed ♦ 

“'The  bank  appearance  'formed  after  the  reservoir  wall 
collapse  may  be  divided  into  three  parts  according  to  the 
action  of  external  forces  and  topographical  characteristics s 
1,  Bank  -  located  above  the  high  water  level  of  the  reservoir; 

•raised  by  the  wave  action;  this  part  is  not  subject 
to  wavs  action. 

Flat  “  located  between  the  high  and  low  water  levels  of 
the  reservoir;  &  result  of  wave  action. 

'Sedimented  elope  beneath  the  flat  -  located  below  the  low 
water  level  of  the  reservoir;  this  part  is  also 
not  subject  to  wave  action,  being  formed  under 
quiescent  conditions. 

During  the  reservoir  wall  collapse  the  bank  gradually 
fell  and  its  slope  accordingly  flatenned.  The  material  falling 
from  the  bank  into  the  water  piled  up  forming  the  sedimented 
part  of  the  flair  the  flat  extended  from  both  ends  and  its' 
elope  became  gradually  flat.  Then  the  sedimented  slope  beneath 
the"  flat  gently  moved-  toward  the  reservoir.  During  the  dis¬ 
placement,'’  its  slope  was  a.  constant# 

After  the  bank  fell  in  the  first  stage  of  the  reservoir 
wall  collapse,,  the  new  slope  was  steep  in  critical,  equilibrium 
of  the  bank  soil.  When,  plotting . this  new  slop©  in  predicting, 
the  reservoir  wall  collapse,  it  is  not  necessary  to  determine 
the  slop©  by  complicated  formulas  of  soil  mechanics,  as  it 
can  be  roughly  de.ieasainM  by  the  data  i n  Table  1.  Thus,  the 
result  of  predicting  will  not  bo  affected  very  much. 

le  1*.  Gri ideal  equilibrium  slop®,  of  the  bank  in  the 
first  stage  of  reservoir  wall  - 


S 


■S' 


During  the  reservoir  wall  collapse  the  slope  of  the 
bank  gradually  changes  from  steep  to  flat*  To  predict  the 
reservoir  wall  collapse  the  difference  of  the  critical  equil¬ 
ibrium  slope  and.  the  final  stable  slope  is  divided  into  several 
equal  divisions  (usually  9  equal  divisions)  representing  the 

variation  during  that  period* 

The  flat  appearance  complicated^  changes  during  the 
collapse  *  When  the  water  level  temporarily  becomes  stable 
at  a  certain  height,  the  reservoir  wall  under  the  wave  action 


water  level  changes,  one  xxai> 

water  action  making . a  new  temporarily  flat  appearance*  Thus, 
during  the  whole  course  of  the  colxapse  the  i  Xat  repeatedly 
developed  into  a  trapezoid  shape,  and  its  slope  gradually 
became*' flat  and  smooth  in  appearance*  In  order  to  simplify 
the  predicting,  the  flat  appearance  of  any  stags  during  the 
collapse  may  be  assumed  to  be  a  smooth  curve. 

Based  on  the  actual  data  analysis  from  the  wall  collapse 
observations  at  Kuan- ting  Reservoir,  it  was  found  that  under 
a  constant  water  level  the  flat  appearance  with  respect  to 
wave  action  (from  the  highest  point  of  the  waves  to  the  in¬ 
fluential  depth  of  the  wave  action  beneath  the  water  level) 
can  be  represented  by  equation  (1) ,  which  is  a  curve® 

%  -  /O  *  -  4*  *  fcQ  -  /0/e o  ( /) 

AC  * 

The  point  of  origin  of  the  curve  of  equation  (1)  is 
located  at  the  intersection  of  the  high  water  level  and  the 
slope  of  the  wall  section.  The  curve  is  considered  to  be 
positive  toward  the  reservoir  on  the  X-axis  and  positive  down¬ 
ward  on  the  Y-axis  *  The  K  value  in  the  equation  is  a  coeff¬ 
icient  that  can  be  computed  from  equation  (2) : 


- - -  LjC} 

/op  ‘ 

’ 

where  li  m  height  of  wave;  can  be  computed  by  "Ju-k’o-fu- 
N  szu-chiH 6  b  formula  or  by  approximation  toy  using 
jz  wave  height. 

H  ss  influential,  depth  by  wave  action]  can  be  computed 
by  K«  E.  M K * ang- te-la- chieh-f uM * s  formula  or, 
approximately  by  using  2»phf  h  as  wave  height. 
m  *  coefficient  of  flat  slope  atwater  edge;  m  tan  ; 
A  is  the  sloping  angle  of  the  flat  at  the  water 
edge,  and  can  be  obtained  from  Table  2*  Table  2  •• 
was  compiled  from  Kuan- ting  reservoir  observations 
and  data  from  E.0-.wK5 a«oh ‘ iu-chin"  and  V.V.'Po-li- 
ya-k*o-fu!’  * 
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m  *  coefficient  of  flat  slops  at  influential  depth; 

*  m^stftn  T  $  r  is  the  sloping  angle  of  flat  at  in¬ 
fluential  depth *  The  angle  is  e  function  of  mat* 
©rial  composition  and  wave  height,  'roan  be  obtained 
from  Table  3  when  the  reservoir  is  composed  by 
day*  ssnd—clsy  and  fin©  sand  * 

Table  2*  Relationship  of  wav-e  height  and  stable  slope 
•beneath  water  at  edge  of  the  flat. 
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Table  3.  Relationship  of  wave  height  and  the  flat  slope 
at  critical  water  depth  under  wave  action. 
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The  overall  appearance  of  the  flab  under  variabxe  water 
level  conditions  was  evidently  formed  by  the_  combination  of 
flat  appearances  under  a  constant  water  level®  The  upper 
portion" of  the  overall  appearance  of  the  flat  under  hign  water 
level  by  wave  action  can  be  represented  by  the  curve  of  eq¬ 
uation  (I)*  the  lower  portion  of  which  becomes  a  continuous 
flat  curve  from  the  end  of  the  upper  portion.  In  order  to 
simplify  the  work  for  predicting  .collapse*  the  lower  portion 
may  tee  assumed  to  be  a  straight  line?  its  selected  slope 
should  agree  with  the  flat  slope  under  high  water ^ levex. 

As  mentioned  above,  the  flat  slope  Is  equal  to  the 
reservoir  wall  slope,  which  x’o Slows  tn®  list,  gradually  extend- 
ins  from  steep  to  f lat.  his  fist  appo&mnce  obtained  j.rom  «.he 
data  in  ‘Table  2  and  Table  3  represents  the  x  xat  appearance 
of  the  final  stable  shape?  the  slope  shaped  by  any  stage 
during  the  collapse  is  greater  than  the  stable  flat  appearance. 

flat  appearance  shaped  by  any  stage  during  the  collapse 
can  be  eoarouied  by  assuming  th  t  3  is  the  final  flat  width 
of  the  Influential  depth  under  the  high  water  level  wave 
action  and  that  B#  isthe  original  width  of  the  bank  slope  at 
a  relative  height.  The  difference  B  «B‘  is  then  divided  into 


.  ^tausuly  10  divisions)  to  plot  the 

?^uSio«l^£rnotei  that,  the  number  of  divisions. ^should 

«*  «•  — oir 

wal1’  ,-T ^awfloep  of  the  baric  and  flat  during  the 

Sotted  the  curves  of  the  assumed  bank  appearance 
00i^fvwW  .  aroearaneo  of  the  relative  stage  are  connected 
asJ  is  plotted  according  to  the  sedimented 

and  the  *ower  *  *  t..v  .  «%ev»  •  possible  overall  appearance 

g^"oS%airc^ro^UUin  any  st^*  ™ 

00llapS?he  slop®  *»«»  th.  flat 

.  .«  _  , v.ff,  A«a(!n*ibed  character! at io 0 *  Its  angle  gei^e* a-*-y 

i»o  the  »hcv  *  ,'p»  ‘a  on*,  During  Mi  portion  of  externa*, 
varies  between  w  “  ~;  >  18-20*  bo  used  for  silt, 
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20-22*for  aaaft-otoyam  lli»  «»4,  0lepe  S  the  res- 

.  **>?  flirts  collapse  5  c  plotted,  the  method  for  de* 

ervoir  walj.  durl»6  rxeBerv0lr  wall  flection  in  sny 

tenaining  the  is  further  studied.  To  solve  this 

st«%«  o.ur*n(|  -  u-  clearly  understand  the  relationship 

CSS  iie  iatSSIl  Som  the  flat  sedimented  portion  and  that 

from  the  banfe  was  damaged.,  The  damaged 

During  **  *  wftY©  action  into  the  water,  thus  iorming 
material  of-  the  flat.  During  the  sedimentation 

the  sediaentea  p«  ti *-  **»*.**  material  wore  carried  away 

the  fine  ^f^fr°L^t^^ca?ed  beyond  the  flat;  the 
hy  wave  action  ¥"f’  (,r  lo*0r  in  accordance  with  the 

soil  2J?U*rt  *  almost*2 cases  the  density  decreases) .  For  this 

new  £©aim^it ,  l  -».  .  ^  between  the  sedimented  volume  of  the 

reason  the  volume  of  the  bank  falling  portion  can 

flat  and  the  ordinal  o  coefficient 

bs  represented  as  oq.us.uion  Ui@ 

.o!  sediiaentation*  ■  f  \ 
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a  ££ount*’of  particles  with  disaster %lesa  then  dx; 
of-  average  composition  in  flat  aealmenwed  por«? 

Hnrs*  111  deOiL.l3.lS* 

j,  end  &*,»  O.oi  was  obtained  by  observing  ohe  In¬ 
dicted  reservoir  wall  collapse. 


Based  on  some  data  analysis*  the  specific  gravity  of 
the  flat  sedimented  port-ion  can  he  selected  fro®  the  data  in 

Table  4. 

Table  4.  Specific  gravity  of  the  flat  sedimented 
portion. 

f^^l^"7e^~TXoanr~^TsTlt  Hsilty  -  c  layTsand^cTS^l  .Gand  st  one[ 
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i  s  hard  to  determine.  Based  on  some  limited  analysis, 
the  amount  of  particles  in  the  flat  sedimented  portion  that 
are  less  than  0*019  cm  in  site  and  formed  by- wave  action  of 
1 *5-2*0  wave  height  is  generally  10-20$>  *  Therefore,  Table  5 
is" recommended  for  reference  in  computing  qj#  for  the  coefficient 
of  sed imen t at  1  on . 

Table  5.  Amount  of  particles  less  than  0.01  cm  in 
size  in  the  flat  sedimented  portion. 


Thus,  when  all  values  of  J,  ,  efX9  CW*.  and  are  known, 
it  is  easy  to  find  f,  the  coefficient  of  sedimentation.  For 
example,  the  density  of  the  original  soil  in  clayey- sand  soil 
«T,s'  1.5  i  the  amount  of  particles  of  average  composition  in 
the  bank  that  are  less  than  0.01  in  size  is  &5%  or  o.o5? 
using  Sx.-  1.2  and  0.15,  the  coefficient  of  sedimentation 

*  -f  a-  (/-  Ot  C  S'  v**  0<  /S~)  ~  Om  C2jS~ 

It  should  be  pointed  out  that  the  calculated  coefficient 
of  sedimentation  applies  only  if  the  bank  has  not  been,  cut 
by  flowing  ditches.  Therefore,  correction  should  be  made 
when  the  bank  is  cut  by  flowing  ditches. 

After  the  coefficient  of  sedimentation  is  calculated, 
let  the  ratio  V,  and  be  equal  to  f.  Then  the  position  of 
the  reservoir  section  after  collapse  in  that  stage  is  equal 
to  the  computed  ratio*  next,  the  functional  curve  can  be 
obtained  from  the  volume  of  the  bank  falling  soil  and  its 
back  distance  at  different  stages  after  the  collapse* _  If  the 
possible  falling  volume  of  the  bank  soil  at  any  period  of  water 
in  the  reservoir  is  known,  the  extent  of  fall  of  the  bank  in 
that  period  can  be  easily  obtained  by  using  the  plotted  curve • 

The  possible  failing  volume  of  the  bank  soil  in  any 
year  of  preserving  water  in  the  reservoir  can  be  calculated 
from  equation  (4) , 
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where 


!/,  ®  14  (?-  A  )  09 

w/  fes  ^ 

t  «  time  of  the  predicted  reservoir  well  collapse#  in 

^ i  ft- 

Y0  «  final  or  maximum  falling  volume  of  bank  soil,  in 
meters* 

t.and.  V,  *  time  and  volume  of  the  falling-  soil  of  the 

bank,  which  are  known  In  the  beginning,  of  the 
collapse  * 


fable 


The  falling  volume  of  bank  soil  for  preserv¬ 
ing  4  years  of  water  at  10  m  height  of  the 
reservoir  bank. 
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h**  the  predicted  bank  height  of  the  reservoir,  which  is 
less  than  10  meters . 

Vain®  V/  can  be  chosen  from  Table  6, .  which  gives  the 
falling  volume* of  the  bank  soil  for  preserving  four  years  of 
water, "with  a  bank  height  equal  to  or  greeter  than  10  u*  The 
v&Xu6s  in  Tab 3.o  6  sx%®  b&s>o&  on  tho-  data  of  IS*  G *  l?5  a— oh  iu** 

chin.'5  and  the  observed  data  fro:®  the  reservoir  wall  collapse 
of  Kuan- ting  Reservoir* 

When  the  bank  height  is  less  then  10  m,  the  failing 


volume  of 
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where  V  ~  the  falling  volume  of  bank:  soil  for  preserving 

4  years  of  water  at  predicted  height  of  reservoir 
b  auk . 

V  *  «  the  falling  volume  of  bank  soil  for  preserving 
*  4  years  of  water  at  10  m  bank  height*  •  Use  values 

in  Table  6  « 

Baaed  on  the  above  described  method  and  some  recommended 
reference  data,  the  extent  of  developing  collapse  can  be  pre¬ 
dicted  when  water  is  preserved  xn  the  reservoir  for  one  year. 
This  method,  as  far  as  its  accuracy  is  concerned,  can  be  applied 
to  the  preliminary  design  of  a  tie ter  reservoir  for  studying 
problems  on  reservoir  wall  collapse  * 
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/Following  is  the  translation  of  an  article 
by  the.  Yunnan  Provincial  Bureau  of  geology  * 
•<«  fthul  -wan  T'*  -ehih  $i-ehih* 

Humber  1,  12  January  i-9b9,  PP* 


TIt&IsjX*1  0c*  t *■  c  "t?  5 .  OH 

**“’ - SffcSai  water  introducing  engineering  is  one  of  the 

important  hydraulic  engineering  work*  in  Yunnan  province, 
siid  it  la  also  the  principal  engineering  work  for-  irrigation 
In  Ta-li-pai-tsu  Autonomous  Ch©u«  the  subject,  ©ngineerung . 
consists  mainly  of  three  aqueducts*  Erh-ohi-plng  (introducing 
water  from  isWa-hal  to  Piag-ch 11  uan)  »  fcrh-chi-wei  C  introducing 
water  from  Erh-fcsi'  to  Wei-ah&n)  and  Erh-chi-teng  ,( introducing 
water  from  Srh-hai  to  Teag-ch'uatt) *  Among  the®,  the  Erh-siu..-. 


niju?  aqueduct,  totalling  5*  f  km  in  Xssglhg  1b  the  lunges « 
aqueduct  so  far  in  our  country •  The  construction  of  the  . 
three  aqueduct a  will  irrigate  as  area  ox  more  than  *00,000 
moil  for  cotton#  sugar  cane,  rice  she.  other  products*  Beside* 
its  water  level  head • loss  can  he  utilised  for  producing 

e*ectricaljpower^  f0r  hundreds  of  years  to  carry  out  the 

erublect  engineering  by  the  people  in  Ta-Xi-p&i-tsu  Autonomous 
Chou,  but  It  was  impossible  to  carry  out  the  engineering  •-■ 
tinder  our  old  social  system  before  liberation*  After  IJbeqa- 
*ior.  the  People's  Government  made  a  preliminary  survey  for 
the  prelect,  and  decided  to  begin  construction  by  the  late 
oe*»lod  of  "the  Second  Five-year  Plan"  *  However,  under  the  , 
suggestion  of  provincial  representatives  for  water  ©onaerva-oy 
of^fhe  two-year  plan,  the  subject  project  was  decided  uo  be 
started  in  1958.,  Owing  to  trie  limited  time  available#  wji 
adopted  the  policy  of  doing  survey,  design  ana  construction 
simultaneously •  Though  the  geological  conditions  for  cen- ; 
a  true  ti  on  of  the  aqueducts  were  complicated  and  technical 


The  construction  of  the 
are®,  of  more  than  500,0 


eautaent  m.B  -insufficient,  the-  people  have  offered  their  :- 
utmost  efforts  e©  that  within  a  short  period  and  aa  of  thxS; 
date,  the  work  of  surveying '  and  designing  have  been  largely, 
completed  and  construction  has  been  extensively  undergone*  • 
We  are  strongly  assured  that  the  project  will  be  completed  ; 
by  spring  of  *  the  coming  y«ar* 


: General  Description  .  .  .  .  , 

large  lake  In  west  Yunnan*  with  steep  . 

mountains '  of  4020  m  high  in  tbeweet  and  mountainous  ridges 
of '  oaoo  m  high  in  the  east,  fhe  mean  water  level  of  srh-hai 
?p  St 4  B!  with  a  total  capacity  of  3,500*000*000  cubic  meters. 

geological  surveys  of  this  district  were  rarexy  non® 
in  the  past*  It  is  located  at  the  ..east  edge  of  the  Tien- 
ii*n"  /Cunnan-BuiT^7  earth  belt  and  hen  frequent  diastropniea; 

4  *«  rock  phase  .varies  great iy  sue.  a  large  amount  ©i  various 
igneous  rook 'moves  into  the  district.  fh«  2a~li«»erh-yu«n 
Lin©  along  Erh-h&i  has  several  large,  deep  f  lss-.il  uies*  West 
of  the  Line  is  mainly  composed  of  gneiss  and  crystal  sohis 
east  of  the  Line,  the  ancient  end  middle  age  ground  layers 
appear  with  extensive  folds  end  structural  cleavages*  ^on“ 
Btruetlcm  ©f  aqueducts  might  meet  a  great  de^l  -of  structural 
broken  belt  zones  and  underground  water  ©i  Ko-ezu-t  © 
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8 stones » 


In  the  district,  mantle  rock  1b  easily  broken  by  wind, 
and  the  streams  are  well  developed;  there  are  landslides  an*  • 
collapse,  too*'  Ta-li  is  the  earthquake,  center  of  West  fummn, 
the*  severity  of  earthquakes  reaches  8~$  ^grades  according  to 
the  Russian*’  standard*  fho  earthquake  effects  dictate  further^ 
strengthening  of  the  aqueduct  construction.  ' 

Based  on  the  above  reasons*  the  geological  conal«ion 
of  the  Srh-bai  aqueducts  engineering  is  rather  complicated* 
According  to  instruction  from  the  provincial  representatives 
and  the  Provincial  Bureau  of  Geology*  we  carried  out  the 
o-ftbi  c£r*  cal  survey  of  the  aqueduct  project*  W©  star  tecs,  the 
uSS-ISlStins' 'sSrroy,  MOOBfianlad  by  tie  fate  Conservatory 
■Riireau  in  Marchs  then,  following  the  line,  we  aaue  the 
engineering  geological  survey  since  May,  which  mainly  includes 
jy^OOO  to  1/20,000  eng  ins  arias  geoj-Cgloat  survey,  drilling 

and  wasinstructed  that  the  project  should  ©©carried  . 

out  at  the  earliest  possible  date,  so  we  boldly  simplified 
the  surveV  procedure  and  reduced  the  amount  of  drilling  work* 
Under  the'  kadsi-ahis  of  local  authorities,  the  Provincial 
Bureau  of  aeolosy  end  the  support  of  our  people,  TO  ««»«« 
difficulties  with  revolutionary  spirit  and  rapidly  completed 
?Ue  owSl  engineering  ssolosical  curroy  of  the  Erh-hai 
:acu®duct  project  in  Oc  tober  * 


Erh-cht-nir**:  Aaraedu<n;  . 

* — “ — '~f Els laque&uc i  Is  situated  in  Hai-tuag«hsi©n  at  the 
sast  edge  of -Beto-hai.'  The  preliminary  survey  indicated  that 
geology  of  this  district  is  very  complicated}  it  ie  stratified 
•wtth  sand- shale  and  agglomerate  of  the  Au-tao  Period*  limes¬ 
tones  of  the  Shih-tai  Second  Period  and  igneous  of  the  Second 
Period.  -Besides*  there  are  many  quartslte,  granite  and 
greenstone  penetrating  into  the  stratification.  The  largest 
broken  sone  of  fault  reaches  100  meters  and  small  folds  and 
faults  can  be  seen  everywhere.-  Despite  the  complicated 
geological  conditions  and  on  account  of  the  speedy  jLine-se- 
looting  for  earlier,  construction,  our  preliminary  survey  made 
only  a  1/10*000  geologioel  survey.  However,  w©  fully  con¬ 
sidered  th©  geological  ohsracteri solos  In  the  -of  strict  during 
survey  and  took  into  consideration  those  problems  which  effect 
aqueduct  line-selection* 

Cl)  To  -  Investigate  the  extension*  broken  condition, 
broken  width  of  the  principal  structural  broken  acme  and  see 
whether  it  has  been  colloided*  .  ■ 

(2) .  To  distinguish  the  different  district  (section; 
where  it  is  subjected 'to  strong  wind,  whore  igneous  invades' 
most,  where  mantle  rooks  are  broken.,  where  rooks  are  harder 
and  are  covered  with  thick  material,  where  it  is  integral  and 
is  covered-  with  thin  material. 

(3)  To  investigate  the  amount,  of  underground  water  in 
'wK,o-sau-t*ea  limestones  and  its  distribution. 

(4)  To  find  out  the  distribution  andreason  for-  huge 


landslides  and  rushing  streams. 

With  the  above  principles  in  mindf  w®  finished  a 
1/10,000  geological  map  of  25  km  (Kef.  2;  in  T  group-days. 
Three  lines  of "aqueduct  were  selected  for  comparison  and  the 
beet  line  was  finally  decided  upon  for  construction  under 
the  conditions  that  it  passes  through  good  geological  .local-, 
itlea  and  is  the  most  economical,  of  course. 

According  to  the  specification  requirements,  the  pre¬ 
liminary  survey  of  geology  for  aqueduct  engineering  should 
perform  engineering  geological  survey,  route  survey,  entrance 
section  survey,  permeability  test s,  and  laboratory  tests  and 
analysis  in  order  to  obtain  sufficient  data  for  determining 
the  best  line-  of  aqueduct”  *  But  for  the  purpose  of  ‘  speedy 
line- selecting",  we  greatly  simplified  the  working  procedure 
by  a  simple  geological  survey  without  doing,  any  drilling  and 
testing  analysis*  From  the  viewpoint  of  working  quality,  as 
we  kept  the  principal  geological  points  in  mind,  the  basic 
requirements  ©an  be  assured..  The  selected  line  of  the  aque¬ 
duct  has  th©  following  merits* 

(1)  It  avoided  the  structural  broken  son®. 

(2)  The  characteristics  of  rock  mechanics  along  the 
aqueduct  was  superior  than  the  other  possible  lines*  and  its 


covering  m&tex'i&l  was  very  %&%m%  •  \ 

15}  Th®  hy drcg©ologlo»i  conditions  along  the  aqueduct 

war*e  better  than  to©  o  thex*  ones*  * 

(A)  Ho  laa&ali&ing  was  present  at  the  entrance  part; 

of  the  aqueduct  *  t  'i 

(5)  It  was  a  shorter  aqueduct  distance  and  able  to 

'drill  a  leading  vertical  well  -for  aiding'  the  construction  of 

the  aqueduct*  ,  .  ■  „  .  ,  . 

$$%%'%*  W we  0 \l£  €*.©t*rr$3.X®& 

aurvev  fur  obtaining  engineering  geological  data  of  the  j 
: aqueduct  construction  and  strengthening*  itnaily  deciding  on 
the  positions'  or  locations  of  the  aqueduct  entrance  and  the 
vertical  well* 


OToy ’ was  'carried  out  In  a  very  short 


Our  detailed  six*  *  <*,#  »*«•>*  ■  - — -  —  * 

However*  'in  order  to  quickly  evaluate  the  engineering 
geological  conditions  along  the  'aqueduct  with  limited  technical 
facilities#  we-  had  to  greatly  simplify  the  survey  procedures  * 
Under  the  conditions  of  “speedy  line-selecting  »  xt  • 


vhe 


was  impossible  to  thoroughly  understand  t 
along  the  aqueduct.  Therefore#  only  the  1 


gee 


geological  survey  ( covering  an  area  of  3.6  and  th< 


gical  conditions 
engineering. 


•j'wvifevgw-'r—  — «•  '  ^  >  A,  A 

1/2000  engineering  geological  croft<:«8eot*a& 
were  made  at  both  sides  along  the  500  m 


survey  of 
line 


selected  J*< 


aqueduct  construction*  The  i&in  object  of  the  geo. 


survey  was  to  find  out  the 


i miles  and  hydrogeologies 


structural 
condition© . 


%  aults, 


it 


jduot 
for 
oal 

character- 

. .  Based  on  that  survey# 

was  found" that  there  were  11  big  t aults  along  the  aqueduct 
line*  among  which  the  largest  faults  reached  500  Belong  fA 
over  50  m  wide  of' the  broken  tone*  Many  small  faults  and 
folds  were  not  counted  in*  There  were  many  kinds  of  mantle 
rocks  along  the  line  such  as  loaned  fine-  sand#  clayey  sana, 
auartzite  sand,  shale  sandy  shale,  limestone,  schist,  green¬ 
stone,  etc.  The  rock  phase  changed  greatly#  and  its  charact¬ 
eristics  of  mechanics  varied  accordingly I  the  rock  itself 
charged-  rather  severely  for  structural  reasons,  ana  was 
penetrated  by  many  igneous  rooks  so  its  cleavages  were  well 
developed  and  was  easily  broken  by  wind  action*  . 

Dri3 ^ inf?  work  v&a  clone  along  the  line  of  the  aqueduct* 
According  to  'the  specification  requirement,  “when  the  depth 
of  the  line  is  within  100  meters,  ■  the  distance  between  drill¬ 
ing  holes  should  be  100-300  meters  apart  along  the  line; 
where  the  geological  conditions  are  complicated,  tne  distance 
should  be  r educed  to  50  meters’*.  Though  the  geological  con-r 


dttl on©  along  w.ia  ,**.*«*  —  —we'— — • — *  —  — *  ■„  .  . 

number  of  controlling,  drills  of  600-1100  m  apart  without 


k  vUiWvfc.  M tufW  WS.V  ~  -  -  -  _ 

the  line  were  complicated,  we  only  made  a  small 


additional  drilling  holes  even  at  the  aqueduct  entrance.* 

drilling  holes  were  located  where 

( X) rooks  war©  broken  at  the  aqueduct  entrance,  and 

greenstones  but  ini. .  .  .  - 
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(£>  the  brakes i  mm  of  faults  was  greater  and  the 
broken  zom  of  erosion  occurred  more; 

(3)  ttK,o-sau-tle,lf  limestones  could  possibly  be  met?. 

(4)  wind  action  was  severe,  and  possible  flowing 

sand  layer-  - 

Baaed  on  the  above,  we  located,  only  six  drilling  holes 
along  the  5*7  ion  aqueduct  line  with  the  designed  depth  of 
668  m*  The  original  drilling  hole  design  was  5  a  beneath 
the  aqueduct  elevation,  but  it  was  changed  to  5-10  m  below 
the  hard  rock  according  to  the  actual  situation*  Therefore, 
most  drilling  holes  had  not  reached  the  aqueduct  elevation* 
During  drilling,  in  order  to  satisfy  the  field  requirements* 
the  design  was  revised  again  bcr  the  actual  depth  of  only  37b  &* 
The  acueduot  elevation  was  designed  7  meters  below  the 
mean  water  level  of  Xrh-hai;  therefore,  it  was  possible  to 
meet  “K4  o-s8u-t.*-e“  water  and  underground  water  from  the 
broken  zone  during  construction,  the  underground  water  and 
flowing  sand  usually  bringing  disadvantages  to  construction'- 
work*  For  the  purpose  of  understanding  the  underground  water 
condition*  a  water  pumping  test  was  made  for  each  drilling 
hole*  But  considering  only  a  small  amount  of  water  in  the 
layer,  we  did  the  water  Dumping  test  by  lowering  only  once. 

Sisco  we  did  not  have  laboratory  facilities  in  our 
team,  we  sent  3.0  rook  samples  to  the  Hydro-power  Design 
Institute  for  testing.  Based  on  their  requirements,  only  the 
specific  gravity,  capacity,  bearing  power,  and  hardness  co¬ 
efficient  were  tested  for  the  rock  sample®.  Since  the- under¬ 
ground  water  quality  in  the  district  varied  slightly,  only 
7  water  sample a  were  taken  for  water  quality  analysis^ 

Tho  above  work, .under  the  limited,  •  short  time,  basically 
satisfied  the  requirements  of  engineering  geological  data* 
During  the  survey, 'we  constantly;  studied  and  analyzed  the 
progress,  and  made  suggestions  to  the  Design  and  Construction 
Department  f  or  revision  anct  to  supplement.-  the  aqufctuct^ pro— 
ioct*  For  Instance,  the  aqueduct  entrance  was- originally' 
designed  in  loose  and  soft,  sedimented  layer  of  the  Fourth  - 
Period.  After  'discovering  this  condition,  we  suggested  to 
move  the  location  of  the  aqueduct  entrance  to  the  rock  bed, 
to  avoid  collapse  and  settlement*  Another  example l  based 
on  the  drilling  results,  we  found  that  the  original  design 
of  the  vortical  well  was  located  In  a  broken  zone  or  faults 
with  flowing  sand,  and  suggested  a  change  in  the  location, 
and  also  recommended  a  better  location  regarding  geological 
conditions  for  the  vortical  well  and  a  location  for  an  in¬ 
clined.  well  to  the  Design  Department  for  comparison. 

•jsp’h-chi-wei  and  grh-ohi-tsng  iquBdact  g 

*" — ^’“’'^rh-chi^wei  aqueduct  is  located  at  Mo-hsien  southwest  . 
of  Erh-hai,  and  the  geological  conditions  of  this  aqueduct 


,are  simpler  than  the  chipping  aqueduct the  ground  layer 
of  this"  district  consists  of  ancient ^crystal  schlep  lime- 
;<*tona  o-r  the  Mid  friaesi©  Period*  ana  sandy  anA.xe  o% 

■Upper  Tr lassie  Period,  in  the  irdddle  portion  of 
district,  there  is  'a  big- fault  in  a  rather  fragmentary  shape. 
The  district  is  heavy  with  3Wa  and  trees  and  la  covered 
■with  very  thick'  material  without  showing  rooks . 

Th®  Brh-chi-teng  aqueduct  la  located  at  T*ng~ch  nan  ; 

Ma~  aaa-P 1  o  northe&s t,  of  lrh~hai .  1 t*  6®e ^SL  c?g: t t diS«* 
a  +hi?*  simplest  among  three •  ihe  grou&u  -a^er  of  ttuw  uxs 
trlct  cSnsists  of  Yutn-wu  stone  of  the  Erb-haia  Period  where 

>10  structural  broken  eon©  existed*  .  ,  _«**,»  **  i 

The  line  of  the  Erh-dhi-wei  Aqueduct  was  selected  dl* 
*.0«t,iY  after  reconnaissance  survey  without  a  preliminary  eur- 
V«T*  A:  1/10,000  geological  survey  covering  20  ka 
in  the  aaueduet  district*  Based  on  the  geological _  ssrueiure, 
rock  characteristics  and  data  on  the  stability  of  the  ®»t- 
ranca  of  the  aqueduct,  a  shortest  line  ©*.  «o  km  was  ©©looted 
Many  diggings  for  geological  investigation  along  the  liw  ■<- 
*ere  nertfirSed  which  did  not  reach  the  expected ^results  be-- 
cause'  It.  was  covered  by  a  very  thick  layer.  Jncar  such  «?£* 
ditlbns  the  geological  survey  mould  amph&»**«  ta®  ion</«iig 

problems*)  Xmmstlgatio;n  of  the  principal  faults  and  their 

broke**  zones^^  ^he  dividing  lirntof  the^  big  rock  systems 
('i')  understanding  thoroughly  the  steoiXity  Ox  who 

"8a  SvSft?*«  found  that  the  se¬ 

lected  time  avoided  the  broker,  soae  <*  the'  f«M»'  J*®«" 
tore,  the  rooks  along  the  line  were  not  subjected  to  »®ver<» 
structural  breaking*  However,  the  rooka  near  the  sux-fav©  ox 
the  ground  were  easily  worn  by  jind  ^on  upon  the  uioke« 
pieces,  in, order-  to  know  ^  ^4i-s  dsep 


their 


and  its 'inf  luontnial  doptu^  «  v***.****.**-®  —  - 

was  designed  at  the  river  valley  in^rijeouing  aree^in  t^e^  . 

middle  of  <  the  line*  ho  eta**  #xp«i,ifcf.uttA  won  was  penoraw*  ■ 
The  survey  of  the  25?,h«*ch.i,“tang  aqueduct  was  compAet 
in  a  dav**  A  1/10,000  geological  survey  and  a  1/5000  geolog^-yc 
oal"  cross- sect  ion’ survey  were  made  at  both  sides,veach^300  a, 
alonTthe  ©elected  3  km  line  of  the  aqueduct*  Since  the  geo- 
logical  conditions  of  the  distrect  were^sirap*©,  J* 
a  few  diggings  for  the  geological  Investigation  to  -i-*i  th 

following)  main^pcxnt^^^  ef  tbe  oovering  material  at  the  en» 

t*iiiS8  area  of  the  aqueduou  ant  its  scabil*.t^ »  -  . 

'  (a)  the  dividing  line  of  the  Xuan-wu  rock  system  xn 

the  ground  layer*-  « 

grilling  work  and  tests  were  neglected* , 


&  dri' 


ling  hole  of  40  set? 


2$' 


From  the  abc*re  geological  s«W  prooeterea  and  a 
tiors  0f  the  two  aqueducts,  the  requirements  «£  gp^e-if ^ftioaa 
had  Seen  greatly  simplified; .  fho  survey  work  was  basiely 

divided{  X)  t0Ee2LSiaSLe  Surrey-lim  proposal i  In  this  ®tjge 
it  is  necessary  to  understand  only  the  geological  oorwiit^oiia 
0f  the^aqnedmet  area  and  to  plpt  a  geological  ®»P  °*  sffia~1  : 

asa:u  jk*  lil^s>piif i^Survey-liha  evaluations  In  this  ets$e 
a  geological  survey  is  parfowwA'jaooordlag  to  the  Proposed  _ 
line  to  find  the  principal  engineering  esaologioal  fee  tor  a  that 
rfftiJ  ooStOuoUon  ®,d  atr^thfaing  of  the  aqueduct.  Then  . 

the  Method  of  survey  its  applicable  to  places  where 


and 


line  evaluation*  However, 


are  raiiaer  samp** «  *»  -’^-7 — ~ ~  ■“  •  «.» 

in  a  very  limited  time  for  a  •apeeuy  line  proposal 

Speedy  line  evaluation"*. 

^aSlsB|rSllonid  above,  the  geological  surveys  of  the 
grh-h&i  aqueducts  were  performed  in  a  very  shoru  Pime.^  xn« 
w«»«i  t  of  the  survey  is  that  is  greatly  simpllx  led  ^ 
oedure  and"  Its  content,  resulting  in  the  principle  of  '  speed/ 

line  proposal 


there 

are  several  demerits  due  to  the  fact  that  this  was  ' 

i™h£r *.lth tS,BTS^Vou«iuri.,  .414  not  W. 

ftfmitaaent*  and  wore  limited  by  iimc  *  ■  i  ,  •  .  <-. 

^  (if  j  i’he  detailed  survey  (line  evaluation)  had  none 

few  diggings*  Therefor®,  the  geological  structure  of , ©sea 
individual  area  could  not  be  clearly  understood,  /this^affoct- 
imt  tk®  best  location  of  the  drilling  holes,  xov  instance* 
Holes  #B  and  #9  did  not  reach ' the  effective  of  revealing  the 


broken  a  one  and  "Jt/o-'sau-- 


;*©«  water  because  of  the  1 


location "of  the  holes  where  the  geological  structure  was  com¬ 
plicated  and  few  rOcko  were  through  the  ground  suriace. 

(2)  The  drilling  quality  was,  poor*  Most  of  the  dril 
IIwk  holes  were  located  in  areas  subjected  to  structural 
breaking  lone®*  errodod  breaking  sones,  and  strong  wina  action. 
VB-r-fion&l  lacked  practical  drilling  experience*  which  caused 
"efficiency  in  obtaining  rook«*hesrt  of  less  than  J>0&  fro® 
S ISlvwSx  firming  Si«.  Th«  BonectM  roek-hoart  « 

rather  oonruBingJin  lo*.  B*.  ...  due  to  col¬ 

lapse  of  the"  hole  wall,  lack  of 

drilling  equipment  was  125  w/mmth6  this  af footing  the  progress 
a  great  deal  * 
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(4)  Cur  teas  did  net  have  equipment  for  Vm  r&ck 
tests  sadf  the  water  analyses*  2te®.  testings  had  t©  be  done 
by  other  agenoSBe's*  She  delivery  of  the  samples  was-  dlffi-  • 
suits  sore  time  was  beaded |  the  number  of  staples  was  lias**-- : 
Ited  also*  .•  Therefore,  it  was  impossible  to  evaluate  accurate* 
the  characteristics  of '  rook  aeehanies  along  the  line  of  the 
aqueduct  'entirely  on  time* 

-HeforencesJ  /ffossiaa  naase  has  been  transliterate^ 

JiJ  Geological  temporary  specification  for  hydraulic  _ 
engineering  (compiled  by  the  Rydroge© logical  Research  Xnetlt^t 
and  Bureau  of  Hydrogeology,  1957)  •; ' 

(2)  Geological  euryey  ahd  research  specifications  for 
aqueduct  construe  trl&n,  {£»•» £*«-  k*Blefc«*  lei  -iM,  translated  by  the 
©©sign  Department  of  the  Hydro-power  Bureau,  195&)  ♦ 
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The  first  draft  of  this  article  ^^y^-^^/rovieiqn 

ber;  1956  with  a  ^Slf  was planted  to  the  1956  technical 
in  Deoemhcr,  *toe  <uticlo  *  P f  ^oeming  the  subject^  . 
conference  at  the  Design  -***'■  *  drilling  techniques,  i 

of  engineering  Sjoj0^  Siter^BOil^analyBiB^The  description 
®lactrlo©.l  drilling  ax.-*-  •  „  (•revf(\  ia&q  i£28)  M  Go®"  s 

and  atuapie  of  Cooafodo  Euan  “"®^h®a!L/*aaol'osi<=al  Knowledge", 
putation  Sloe  S“;lE V ttl.  article.  I n  Knin’ s 

January,  1957»  tiV*arlv  described  dad  the  lines  :  * 

papers  it  ia,  however,  ftot  oiejriy  partly  over- 

rather  confusing  \tne  un»a  eu  «  r  ,  * 
of  the  scale  are  ai*a  uge-d  for  scaling,  It  ia< 

lapped;  though  two  5  i  ■•■  tl  ^eads  to  mistakes  and  not ; 
considered  infeonven^e ****•  ®  *a ^  frequent  applying  equations* 

convenient  enough  to the  th@^lique  ^jlined  angle 

For  example®  l^w,;  ‘  to  turn  the  disc  twice,  ih* , 

on  a  section,  it  is  noe- <**£*._  ©a^\v  1959,  presenting 

sublet  article  was  revised  again  *n^ear-.^^9^,  ^  and 

a'" better  scale  for  repAt-uinb  .  v  t  save  time  in  compui 

various  geological  grapnt  a  u  ■».  .  goolalistic  oonetntot- 

tat  ion*  Urttor  Si  LvelopmLt  cl  geological 

eoolosical  work  wbioh  aorvoe  ■ 

as  the-  screw  of  the  machine*  } 


n-haorv  and  Construction  of  T> t&®&« 
ihOOiy  rt„4  rtftl  oomout 


slide  rule 
which  can 


n  disc)  is  function*  . 

referred  from  the  related 
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alSCUSS^thSat,SCOoSS^tion:  The  romputetion  disc  Is  made 
of  two  discs  (Fig.  1,  Inner  and  outer  discs  whion  are  separated 
by  the  interval  of  the  T  scale  and  tne  n  s^ale) ,  and  a 
sliding  index  (Fig.  2) *  ^ 
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In  geological  computation,  we  rarely  use  the  value 
Of  CSC,  not  even  using  esc.  But  for  the  convenience  of 
calculation,  we  use  the  esc  value  for  scaling  instead  of  the 
sn  value!  ^Therefore,  when  the  sin  value  comes  into  the 
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.e  l/oac  value  instead,  as  s. 
it  is  not  necessary  to  change  but  to  convert 
:a  into  division  during  computation.  When 
into  calculation,  it  is  required  to  convert 
Bin  for  computation. 

size  of  the  computation  disc  is  optional,  but  for 
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ice  cf  carry  in,  - »  it-  should  not  be  too  large  *  It 
>>w  'draw  a  large  si  ad  print,  and  to  take  photostats 
•actlcal  use.  fhuss 


ft  fi  r, 


&&  ia  c  o  nv  e  nx  o  nt  * 


the  computation  disc  is  both  acc- 
uliding  index  can  be  made  of  a 
,sa  should  be  determined  with 


s  3.  i  ght  ly  gre at or 
On  the  sliding  index, 
perpendicular  to  eaci 

sy-  e-  i  ;  J&6£1 


celluloid  sheet,  and  its 
resoect  to  the  computation  disc,  but  its  radius  should  b© 

'nan  the  graded  scale  of  the  outmost  circle 
two  fine  3  tries  should  be  marked  a, 
other  and  intersecting  at  its  center 
hey  should  be  placed  on  the  same  cente 
sliding  index)  « 


;  -fc  - 


{ computation  discs  anc 


rr  Tvii*?.*"  of  Scale  and  it,®  appli^s-ti oa«  _  , 

lA*  l^’auter  circle  of  the  outer  Gise  is  the  'v  '  e*»ale ; 
v-hicb  1«  a  dlrectfcm  scale  in  degree  for  computing  the  In-  ; 
Sudod  ahilo  of  the  ground  section  sift  the  rook  layer.  • 

.•  #vf  ♦>!©  **c»1e  Is  based  on  the  eij. eular  sifexw-  o* 

Gradation  of  «ne  tbe  outer  dlso  is  the  scale 

.M*esu  an  inclined  angular  goal®  for  computing  various  ; 
£“?«£  y^les"  Concluding Inclined  angle  revieicn  ana  oblique 
iSelitiS^aSli  on  tne  isoUco) .  Gradation  of  the  scare.  is.. 

tiasud  0«i°ija8r*9ircl8*oJt' t&>  oater  also  is  the  “I"  scale; 
yu  4  '«'"y  real'  amber  scale  for  multiplication  and  division 

Jhir operated' "with  the  w»*  «c«lo.  But  it  should  be  : 

i»C also  1  function  ‘scale5  of  tangent*  marked  on  the  basis  of 

♦v>p  i  fiffat*!  thsii  of  number a#  M  ^  _  •» ..  > 

v"'  *  Sx4e  outer  circle  of  the  inner  disc  is  the  *  J®*Ae  ; 

a  a  traded  exactly  ae  the  A*  goal,©  for  caAOU*ating  » 
falS  inclined  angle  m  a  section  *b»n  different,  scales  t»e 


“  *h€k  middle  circle  of  the  inner  died  is  ttao  *8  ^ scale 
rj>4  ch  iVih©  included  angle  between  a  section  xin®  ana  ©x*  , 
tendSd  direotioa  of  the  rook  layer  (known  value} •  It  is  : 
.....  calculating  false  bearing  angle  and  oblique  f , 

h^krk'aSi«rrXa=ti0S.  n  18  8™ded  on  M»  bast.  of 

the  IWgMta*  ^fTofteolW  hi*  1,  the  »?»  seal*  ' 

for  calSShtim  the  included  the  Mm**** 

angle  and  the  oblique  false  bearing  angle#  It-  is  *>*>.&*  on 
thl  basis  of  the  circular  angle  ,oG  * 


1  Hue  tr  stive  example  a . 
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1*  Section  line 
] 2.  Line  direction 
3„  Cross  sectional 
sighting  j 
direction  | 

,  it*  Hanning  dipec- 
i  tion  of  rook 
layer  I 


F"i®*«  3  .1 

Ex.  Is  As  la  FiS.  3.' the  aiwetlons  of  the  lln®  ana 

joak  layer  being  .known,  find  out  the  f aim  J»M4B*-JU*xi«-nJ 


the  rock  layer  bearing  angle  on  the  section  (i.e.,  the  cor¬ 
rected  bearing  angle) 'and  the  oblique  false  bearing  angle  of 
the  rock  layer  on  the  section  with  a  vertical  and  horizontal 

scale  ratio  of  25*  , 

Solution:  Set  72  on  the  S  scale  (the  Inducted  angue 
between  rock  lay er  direction  sno.  the  section)  opposite  3^ 
on  the  0  scale  (rock  layer  bearing  angle  obtained  in  the 
field)-,  and  read  33°  on  the  0  scale  opposite  90  '  on.  the  3 
scale,  33°  Is  the  false  bearing  angle  of  rock  layer  on  the 
section, 

•  Move  the  sliding  index  to  25  on  the  n  scale  without 
moving  the  computation' disc  and  read  86° 30*  on  the  0  scale 
which  'is  the  oblique  false  bearing  angle  on  the  section  with 
a  vertical  and  horizontal  scale  ratio  of  25, 

Hote:  Formula  for  false  bearing  angle  (from  geological 
drawings)  :  t*0=tsacoa«> 

where  6  --  false  bearing  angle  to  be  found, 
o,  zz  bearing  angle  of  the  rock  layer . 

u>  -  the  included  angle  between  the  rock  layer  inclin¬ 
ation  and  the  section. 

In  practice,  we  often  use  the  Included  angle  between 
extending  direction  of  rock  layer  and  the  section  01  there¬ 
fore,  the  above  formula  can  be  written  as: 

tg0s=lg(*COS(9O«---0> 

sstgaaia# 

To  find  the  oblique  false  bearing^ angxe  of  different 
vertical  and  horizontal  scale,  the-  formula  is: 

tgfi’szlttsift 

ssatgaBiag 

where  p!  -  obliaue  false  bearing  angle  of  the  section  with 
•  different  vertical  and  horizontal  scales, 
n  sz  the  ratio  of  the  different  vertical  and  horizontal 
scales  on  the  section. 

For  the  purpose  of  accuracy  and  convenience  in  solving 


the  oblique  false  bearing  aogxe,  tne  S 
is  graded  on  the  basis  of  log  ego  (it  < 
of  turning  the  computation  disc  once) » 


•ogle,  the  S  scale  is  used,  which 
og  esc  (it  can  reduce  the  operation 
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lx 
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gx.  2 1  As  In  Ftp:*  4S  when  the  height  difference  and 
ground  slope  between  ground  point?  A  ana  B  are  known,  what 
are  the  inclined  distance  I.  and  the  horizontal  distance  1 
between.  A  and  B¥ 

Solution;  furs  1  on  the  n  scat©  opposite  120  on  the 
T  scale  and  read  the  number  on  the  f  scale  opposite  35®  on 

tufe  a  u •-*”.»!. 6 *  -.ha 

-as *2«s. 2  i«- 

vi  ?  '' 

Using  the  S  scale  at  9Cc  opposite  35°  of  the  $  scale, 
Ind  the  number  on  the  n  scale,  which  is  pointed  by  120  of  the 

SCiij.O «  _  J20  ' 

** . rgis-’6  ,n''* 

If  the  angle  or  number  is  too  big  or  too  email,  the 
number  can  be  adjusted  by  moving  Its  digits  and  read  justed 
back  after  getting  the  answer* 

*/  A  T 

&/\  ! 

//  M 

^Jg  I  i 


Fig*  b 

Ex*  3;  As  In  Fig.  5,  when  the  inclined  distance  and 
its  slope  between  two  points  A  and  2  on  the  ground  are  known, 
what  are  the  height  K  and  horizontal  distance  1  between  the 
two  points? 

Solutions  Using  40  ‘  of  the  S  scale  opposite  150  of 
the  T  scale,  read  the  number  on  the  T  scale  where  1  of  the 
n  scale  points*  ■  ^  c..  c  4  A*  <4 

-r  =r  / bo <n  u'l-fSi.  -  .■ 

Similarly,  the  f!  value  can  be  found  aa: 

;(  a  iSV-  „ys  Sun.  t?  O  "  i  Wb, 

Ex.  4:  Aa  in  Fig*  6,  when  the  height  difference  and 
horizontal  distance  between  two  points  A  end  B  on  the  ground 
are  known,  what  is  the  ground  slops? 

Solution;  Set  66  of  the  n  scale  opposite  38  of  the 
T  scale;  opposite  1  of  the  n  scale,  read  0*5757  on  the  T 
scale;  opposite  90°  of  the  3  scale,  read  the  number  on  the 
0  scale,  which  is  the  required  ground  slope-. 
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l?3,g  4.  'f  ^  t4i$  diifx  si^rios 

a^dietsfioe  between  two  points  k  and  3  are  knows*  *b*t 


inclined  distance  b 
la  tho  ground  slope 
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Solutions  Use  152  of  the  n  scale  oppoalte  ^  on  the 
a*  fiOai0  and,  opposite  1  of  tbs  n  scale,  read  0*5959  on  the 
T  scale;  thenf  opposite  45*  on  0  aotl*,  read  the  numoer  cn 

the  3  scale*  ’  :  ;  '  i  '  •  I 

:  $0 

& t-  id  .i  c>  *■  j 

jgx.  6  s  *  As  in  Fig*  8#  when  the  horizontal  distance 
( perpendicular  axtenaina;  airaoUon  of  the  rook  layer J  and 
tfco  bearing  angle  fcwtmwa  two  fcrouna  points  A  and  B  are 
ioiOTP,  chat  is  the  depth  B  of  the  rock  layer  at  point  « 


«!  S 


L_  ^ 


*C7;  A 

it  >.it  i-'C,  •* 


Sotrtion:  Use  90°'  of  the  S  scale  opposite  58®  of  the 
^  scale*  ak  opposite  2T5  of  the  n  eoal©  .read  the ..tfaaifcej? ...on 


BO  &1< 


'X't  snn 


a  /  ¥'  9  m  , 


.Esc,  7 j  As  in  Fig,.  9,  tha  given  ground  inclined  angle 
is  19°  (perpendicular  extending;  direction  of  rock  layer) , 
the  outcome  width  of  the  ground  rock  layer-  is  130  meters, 
and  its  bearing  angle  is  30°h  What  are  the  real  thickness 
h  and  false  thickness  K  of  the  rock  layer? 


>  1 


Fig#  9 

Solution J  Find  the  h  value  as  in  Ex*  3*  which  equals 
98*13  meters*  Find  the  H  value  by  sotting  71°  of  the  S 
scale  opposite  30°  of  the  0  scale  and  opposite  130  of  the  a 
scale  to  read  the  number  on  the  !  scale* 
hxjSo.vu  s;h.(3f/ri(?®)  “  a.n.  49 9**  /&  m 

H  js  (  s.'n  l9°-r*  coo  ==•  a.’«  /<?  °-t  i  SO 

si.i  //<?,  3  ^  , 

The  above  examples  commonly  oc cured  in  our  computa¬ 
tion;  other  examples  which  are  not  mentioned  here  can  be 
calculated  in  the  same  manner  by  the  readers  with  the  ex¬ 
ception  of  a.  few  special  oases.  The  formulas  used  in  this 
article  are  adopted  from  "dec log leal  Drawings” ,  " Structural 
Geology  and  Field  Geology” ,  volume  1  and  2,  and.  “Geologic 
Structures** ,  etc , 

IV*  Merits  of  the  Geological  Computation  Disc, 

1#  in  comparison  with  general  graphs  and  tables,  its 
efficiency  is  4-6  times  higher. 

2.  The  results  are  accurate  and  reliable . 

3*  It  is  applicable  to  oblique  false  bearing  angle 
on  the  section  under  various  different  vertical  and  horizon¬ 
tal  scales* 

4,  It  can  replace  various  geological  computation 

tables . 

5*  it  reduces  the  stress  of  using  our  minds  {to  use 
tables,  it  is  generally  required  to  interpolate  certain  num¬ 
bers  which  is  not  only  time  consuming  but  also  troublesome  j 
moreover,  it  leads  easily  to  mistakes) * 

6,  it  is  easy  to  carry  and  convenient  to  apply* 

7*  It  is  easy  for  sealing  gradation  and  construction 
and  is  also  accurate* 
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